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FOREWORD

The mission of the U.S. Geological Survey
(USGS) is to assess the quantity and quality of the
earth resources of the Nation and to provide informa-
tion that will assist resource managers and policymak-
ers at Federal, State, and local levels in making sound
decisions. Assessment of water-quality conditions and
trends is an important part of this overall mission.

One of the greatest challenges faced by water-
resources scientists is acquiring reliable information
that will guide the use and protection of the Nation’s
water resources. That challenge is being addressed by
Federal, State, interstate, and local water-resource
agencies and by many academic institutions. These
organizations are collecting water-quality data for a
host of purposes that include: compliance with permits
and water-supply standards; development of remedia-
tion plans for specific contamination problems; opera-
tional decisions on industrial, wastewater, or water-
supply facilities; and research on factors that affect
water quality. An additional need for water-quality
information is to provide a basis on which regional-
and national-level policy decisions can be based. Wise
decisions must be based on sound information. As a
society we need to know whether certain types of
water-quality problems are isolated or ubiquitous,
whether there are significant differences in conditions
among regions, whether the conditions are changing
over time, and why these conditions change from
place to place and over time. The information can be
used to help determine the efficacy of existing water-
quality policies and to help analysts determine the
need for and likely consequences of new policies.

To address these needs, the U.S. Congress appropri-
ated funds in 1986 for the USGS to begin a pilot pro-
gram in seven project areas to develop and refine the
National Water-Quality Assessment (NAWQA) Pro-
gram. In 1991, the USGS began full implementation of
the program. The NAWQA Program builds upon an
existing base of water-quality studies of the USGS, as
well as those of other Federal, State, and local agencies.
The objectives of the NAWQA Program are to:

* Describe current water-quality conditions for a

large part of the Nation’s freshwater streams,
rivers, and aquifers.

* Describe how water quality is changing over
time.

* Improve understanding of the primary natural
and human factors that affect water-quality
conditions.

This information will help support the development
and evaluation of management, regulatory, and moni-
toring decisions by other Federal, State, and local
agencies to protect, use, and enhance water resources.

The goals of the NAWQA Program are being
achieved through ongoing and proposed investigations
of 60 of the Nation’s most important river basins and
aquifer systems, which are referred to as study units.
These study units are distributed throughout the
Nation and cover a diversity of hydrogeologic settings.
More than two-thirds of the Nation’s freshwater use
occurs within the 60 study units and more than two-
thirds of the people served by public water-supply sys-
tems live within their boundaries.

National synthesis of data analysis, based on
aggregation of comparable information obtained from
the study units, is a major component of the program.
This effort focuses on selected water-quality topics
using nationally consistent information. Comparative
studies will explain differences and similarities in
observed water-quality conditions among study areas
and will identify changes and trends and their causes.
The first topics addressed by the national synthesis are
pesticides, nutrients, volatile organic compounds, and
aquatic biology. Discussions on these and other water-
quality topics will be published in periodic summaries
of the quality of the Nation’s ground and surface water
as the information becomes available.

This report is an element of the comprehensive
body of information developed as part of the NAWQA
Program. The program depends heavily on the advice,
cooperation, and information from many Federal,
State, interstate, Tribal, and local agencies and the
public. The assistance and suggestions of all are
greatly appreciated.

folet m. Herachy

Robert M. Hirsch
Chief Hydrologist
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Estimation and Analysis of Nutrient and Suspended-Sediment

Loads at Selected Sites in the Potomac River Basin, 1993-95

By Joy S. Lizarraga

ABSTRACT

Multiple surface-water samples were collected at 10 fixed sites during the first sampling
phase of the U.S. Geological Survey's National Water-Quality Assessment (NAWQA) of
the Potomac River Basin. Five fixed sites are at the outlets of small to intermediate
subwatersheds characterized by a single land use or a representative combination of land
uses (indicator sites) and five fixed sites are at the outlets of larger subwatersheds
characterized by the combined effects of all natural and human water-quality factors
(integrator sites). Selected water-quality data have been statistically summarized by site on
the basis of the flow regime in which they were collected. At each fixed site, a load
estimator program (ESTIMATOR, version 94.02) is used to estimate 1993-95 annual loads
of total nitrogen, total nitrite plus nitrate, total organic plus ammonia (Kjeldahl) nitrogen,
total phosphorus, and total suspended sediment. Average nutrient and sediment yields for
each fixed site are calculated. At three of the five integrator sites, historical measurements
of total nitrogen, total nitrite plus nitrate, and total phosphorus concentrations are combined
with NAWQA measurements in order to estimate the base-flow contribution of these

constituents to their annual loads during 1993-95.
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INTRODUCTION

Reduction of nutrient and sediment loads to the
Potomac River and to the Chesapeake Bay is vital
to maintaining the health of the aquatic ecosystems
that are present. Goals set out in the Chesapeake
Bay Agreement in 1987, and signed by the
Governors of Pennsylvania, Virginia, Maryland,
and the Mayor of Washington, D.C., witness to the
fact that reduction in nutrient and sediment loads is
a priority for states with contributing drainage areas
to the bay (Galloway, 1993).

Quantifying water-quality constituent loads is
important for understanding the processes that
affect loads, for directing control strategies, and for
evaluating progress towards reduction of undesired
contaminants. Determining whether or not certain
water-quality constituents are principally
transported in the base flow, which largely
originates from ground-water sources, or in the total
surface-water flow including stormwater, has
implications for the choice of management
practices.

Purpose and Scope

This report (1) presents a compilation of nutrient
and sediment data from 10 fixed indicator and
integrator sites from the first phase of Potomac
NAWQA sampling; (2) statistically summarizes
selected measured water-quality concentrations at
these 10 surface-water sites during defined flow
regimes; (3) presents 1993-95 annual load estimates
for total nitrogen (TN), total nitrite plus nitrate
(TNO23), total organic plus ammonia (Kjeldahl)
nitrogen (TKN), total phosphorus (TP), and total
suspended sediment (SED) at the fixed sites; and
(4) estimates the 1993-95 base-flow load
contribution of TN, TNO23, and TP at three larger
NAWAQA integrator sites using long-term historical
monitoring data and the NAWQA data.

Previous Studies

The ESTIMATOR program, a regression
analysis model for estimating water-quality
constituent concentrations and loads, was
developed by the U.S. Geological Survey (USGS)
using data from the Chesapeake Bay region (Cohn
and others, 1989; Cohn and others, 1992). The
model was developed in 1989 using 1978-88 data
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from the Potomac, Susquehanna, Patuxent, and
Choptank Rivers (Cohn and others, 1989). Cohn
and others (1989) demonstrated that the
ESTIMATOR model was a minimum variance
unbiased estimator (MVUE) under the assumption
that the model was correctly specified. The model
was validated by Cohn and others (1992) through
application to major Chesapeake Bay tributaries.

The USGS uses the ESTIMATOR program
annually to estimate nutrient and sediment loads
and trends at the Potomac River at Chain Bridge.
For these annual estimates, the previous 10 years of
sampling data collected by the USGS and the State
of Maryland are used to calibrate the model. These
estimates and data are reported in annual summary
data reports published by the Maryland Department
of the Environment (1990-95). Estimated loads for
TN, TNO23, and TP at Chain Bridge during 1993-
95 that have been reported by the State of Maryland
are similar to estimates presented in this report.

Langland and others (1995) also present nutrient
and sediment yields for sites throughout the
Chesapeake Bay drainage area, including some of
the sites in the Potomac Basin. These average
yields are based on 1972-92 load estimates obtained
by use of the ESTIMATOR program with historical
data.

Some differences in load estimates at surface-
water sites common to each of these previous
studies and to this study can be largely explained by
the following factors: (1) different versions and
explanatory variables of the ESTIMATOR program
are used in calculating the loads and yields, and (2)
different calibration data sets are utilized.

Blomgquist and others (1995) performed a
retrospective analysis for the Potomac NAWQA
study unit using historical data. Nutrient loads and
the relation of these loads to land use, soils, and
rock type were estimated for sites with available
data. This report is intended to extend the work of
Blomgquist and others (1995) by using the newly
collected NAWQA data to more accurately
estimate the nutrient and sediment loads during
1993-95 at a larger number of sites, and to more
fully evaluate the relation between loads and
different environmental settings in the Potomac
River Basin.
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sites with the highest yields of TN and TNO23 were
agricultural sites--Monocacy River at Bridgeport
(fig. 2, site 7) and Muddy Creek at Mt. Clinton (site
10). These sites are located in the Great Valley and
the Triassic, respectively, and are underlain by
combinations of carbonate, crystalline, and
siliciclastic rock. The urban indicator site,
Accotink Creek near Annandale (site 9), had the
highest yield of SED. This urban site is located in
the Piedmont subunit and 1s underlain by crystalline
rock. TKN and TP were higher in these two
agricultural and one urban site. Another
agricultural indicator site, Catoctin Creek at
Taylorstown, located in the Piedmont subunit and
underlain by crystalline rock, generally had lower
yields of nutrients and sediment than the other
agricultural sites and the urban site.

The integrator and indicator sites on South
Branch Potomac River (sites 3 and 6) with the
largest percentages of forested land always had the
lowest yields of nitrogen and phosphorus for 1993-
95. In fact, a sufficient number of water-quality
measurements of TKN over the detection limit were
not available to estimate a TKN or TN load at the
forested indicator site, South Fork South Branch
Potomac River near Moorefield.

CONCENTRATIONS AND LOADS
FROM BASE FLOW AT NAWQA FIXED
SITES, 1993-95

Base-flow loads are attributed to ground-water
discharges and point sources, whereas samples
collected during higher discharges can contain
storm runoff as well. In developing nutrient and
sediment control strategies, it is important to
understand the relative importance of base flow and
total streamflow in contributing loads and carrying
concentrations.

In the following section, the concentrations of
samples collected during the first sampling phase of
the Potomac NAWQA are statistically summarized.
Base-flow loads are estimated at three integrator
sites by combining historical base-flow measure-
ments with the 1993-95 NAWQA base-flow
measurements and applying the ESTIMATOR
program. Base-flow loads could not be estimated at
all of the fixed sites due to the lack of historical data
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and the limited number of NAWQA base-flow
samples collected during the first sampling phase of
NAWQA.

Concentration Statistics at NAWQA Fixed Sites

Boxplots for four parameters--TN, TNO23, TP,
and SED--display the concentration data for the 10
fixed sites (figs. 5 and 6). The total number of
samples taken in each flow regime at each site also
are noted on the boxplot figures (figs. 5 and 6).

Boxplots of TN concentrations for each site (fig.
5a) show that TN concentrations are significantly
lower in the base-flow samples than in the higher
discharge samples at two integrator sites with high
percentages of forested land use--South Branch
Potomac River (fig. 2, site 3) and Potomac River at
Chain Bridge (site 1)--and at one agricultural
indicator site, Monocacy River at Bridgeport (site
7). A forested indicator site, South Fork South
Branch Potomac River near Moorefield (site 6), had
significantly higher concentrations of TN in base-
flow samples than in higher discharge samples. The
highest TN concentrations in both base-flow and
higher discharge samples were measured at two
agricultural sites in the Great Valley--
Conococheague Creek at Fairview, Md. (site 5),
and Muddy Creek at Mt. Clinton, Va. (site 10).

Median TP and SED concentrations are higher
at all sites when measured at higher discharges (fig.
6a and 6b) than when measured during base-flow
conditions. The TP concentrations are significantly
higher in higher discharge samples than in base-
flow samples at five sites. The SED concentrations
are significantly higher in higher discharge samples
than in base-flow samples at seven sites. The
highest TP median concentrations were measured
in higher discharge samples at two agricultural
sites--Monocacy River at Reich’s Ford Bridge near
Frederick, Md. (site 4), and Muddy Creek at Mt.
Clinton, Va. (site 10). The highest SED
concentrations measured in higher discharges were
from Accotink Creek near Annandale, Va. (site 9),
and Muddy Creek at Mt. Clinton, Va. (site 10), an
urban site and an agricultural site, respectively.

The Potomac River at Chain Bridge at
Washington, D.C. (site 1), was the only site where
concentrations for all four plotted parameters (TN,
























